The flux of particles to a single trap is investigated for two systems: (1) particles in 3D space which jump a fixed step length l (the Rayleigh flight) and are adsorbed by a spherical surface, and (2) particles on a lattice, jumping to nearest neighbor sites, with a single adsorbing site. Initially, the particles are uniformly distributed outside the traps. When the jump length goes to zero, both processes go over to regular diffusion, and the first case yields the diffusive flux to a sphere as solved by Smoluchowski. For nonzero step length, the flux for large times is given by a modified form of Smolucbowski's result, with the effective radius replaced by R-cl, where c = 0.29795219 and cl is the Milne extrapolation length for this problem. For the second problem, a similar expression for the flux is found, with the effective trap radius a function of the lattice (sc, bcc, fcc) being considered.
INTRODUCTION
The determination of the flux of particles diffusing toward an adsorbing surface or a trap lies at the foundation of the theory of aggregation and chemical kinetics. In the classic problem considered by Smoluchowski, (~1 the flux to a spherical, perfectly adsorbing surface is calculated by solving the diffusion equation, using the boundary condition p ~ 0 and the initial condition that the particles are uniformly distributed outside the sphere with density Po. The result is (I- where D is the diffusion coefficient and R is the radius of the sphere. This result, however, is not valid in two limits: for times of the order of, or less than, the fundamental time scale ~ of the diffusing particle (the typical time for the particle to reverse its direction), and for R of the order of, or smaller than, the corresponding diffusion length scale l. In these limits (1) is not valid because the diffusion equation is not applicable.
In this paper, we study corrections to (1) for two systems in which l is of order R: (1) a system of particles which jump a fixed step length l but arbitrary direction in a three-dimensional (3D) continuum (the "Rayleigh flight"), and are adsorbed on a spherical trapping surface of radius R, and (2) particles on a lattice which hop to nearest-neighbor sites, adsorbed by a single trapping site. In both cases the particles jump in a discrete time interval r. These models were chosen because they correspond to the way diffusion is often carried out in computer simulations, and it is desirable to know what deviations from true Brownian motion result from their use.
The problem we consider is closely related to some classical problems in physics. Particles undergoing physical diffusion can be modeled as an Ornstein Uhlenbeck (OU) process, described by the Fokker-Planck equation. (4) The problem of finding the flux to an adsorbing boundary in this case is an old and well-studied one, (5 9) and exact results have recently been found. (1~ A related problem is that of solving the neutron transport equation in the presence of an adsorbing boundary, first considered by Milne.~12 14)
For the continuum Rayleigh flight problem, we find that (1) is replaced by I R, 1 q~(t) = 4zR'Dpo 1 + (~ Dt)l/5 + C(t 3/2)
where D = 12/6~, R' -R -cl, and c ~ 0.29795219, valid for 0 < l ~< 2R. The (_9(t -3/2) term also depends upon l/R, and disappears in the limit I/R-~ O.
When l is of the order of R, (2) predicts that there will be a significant change in the flux, both in the time-dependent part and the steady-state value. The distance /~ = el is the "Milne extrapolation length ''~8'13'14) and represents the distance inside the surface where the far steady-state solution p(r) = po(r -R + [l)/r extrapolates to p = 0. For particles hopping to a single adsorbing site on a 3D lattice, we show that (2) also obtains, but with R' proportional to the lattice spacing l. The value of the proportionality constant depends upon the lattice being considered. We consider the simple cubic (sc), body-centered cubic (bcc), and face-centered cubic (fcc) lattices. We also briefly consider 1D and 2D systems.
